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PREFACE
For the Classroom Teacher

We at Ryler Enterprises are confident in your knowledge of the infeemabvered in the
beginning pages of this lab manual. In @&eneral Informatiosection, we have shared
some concepts anlilistrations that we have used in teaching chemi3toy may wish to
reprint thesdo use as supplementary mates&b give to your classes.

You are welcome to ushé contents of this instruction manual, including the Assessment,
for personal use oyl Any and all of the material in this PDF is the sole property oéRy!
Enterprises, Inc. Permission to reprint any or athef contents of this manual for resale
must be submitted to Ryler Enterprises, Inc.

For the Homeschooll ndependent Learner

In your quest to learn general chemistry without the benefit of a chgr@acher, this kit
will provide you with a few of the basic concepftshe topic such as: atomic structure;
types of chemical bonds; drawing accurate diagrams of molemmteesonance
structures.

You will also be able to visualize molecules and ions in three dimesnsais you build the
models suggested in the la section. In additiolypas knowledge of chemistry increases,
you will be able to make many more models with this Kkit.



Table of Contents
General Information
1. Atomic Structure
1.1 An Atomic Stucture Analogy
1.2 Atomic Structur®General Description
1.3 The Ground State
1.4 Orbitals
2. Preparing Atoms faCovalentBonding
2.1 Electron Promotion
2.2 Orbital Hybridization
3. BondFormationbetween Atoms
3.1 ValenceElectrons
3.2 Types of Bonds
3.2.1 lonic Bonding
3.2.2 Covalent Bonding
3.3 Sigmal() and Pi () Covalent Bonds
3.3.1 Modeling and" bonds
4. Drawing Lewis Structures
5. Oxidation State vs Formal Charge
6. Resonance
Lab Procedures
1. PART I: Inorganic molecules and ions
2. PARTII: Constructng Models of Organic Substances
2.1 Alkanes
2.2 Alkenes
2.3 Alkynes
2.4 Aromatic Organic Compounds
2.5 Organic Compounds with Oxygen

3. PART lll Constructing models of biochemical substances

7-12
12

12

13

13
13-14
15-16
16-17
17-18
1821
22

23
24
24
24
24
25
25
2526



GENERAL INFORMATION
1. Atomic Structure
1.1 An Atomic Structure Analogy.
THE ATOMIC CONVENTION CENTER
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Fig. 1 The atomic convention center hotel

Beforewe see how atoms are constructed letOs follow théemtciand managers as they
planan imaginaryhotel for atomsvho will beattending a convention. S#ee above
diagram Fig. 1).

The architectOs plans call farilding floors, subfloors, and eveab-subfloorswhich will
be called hybrid areaSincethe planget very complicated abethe secondloor, we
wonOt consider affipor in detailabove floor number two.

Look at the number of subfloots beincluded in each floor. Thigrst floor isits own
subfloor. Then each floavill havethe number of subfloonshich correspond to théoor
number: e.gfloor #2 has 2 subfloordjoor #3 has 3 subfloorgnd so on.

Now, there are only a certain number of rooms planaeddch sublevel. The first
subfloor of every floor will havene room. The secorsdibfloor,if it exists, will have

three rooms, the third subfloaf,it exists, will have 5 roomsSo the sequenceis 1, 3, 5, 7,
and so on.

Thearchitect has further divided floors into ssibfloorsthathe calls OhybridreasO
These areas will have roonimjtthey might not be ocqued. Their occupancy is
somewhat flexible.



Themanagerstepin atthis pointand setup some rules for running the hotel. Tlse a
problem in giving theoomsidentification numbersso theydecide to calthe subfloor

of each floorOs, @ more subfloors are presenn each floortheir designations will be

Op,@d,0 and Of.O If more levels are needed, they will follow alphabetiaeillyg with
Og.O

So, the room on the first floor is 01s.0

Thebottom subfloor orfloor 2 isO2s,0 arleroomnumberis 0250 (since therie only
one roon). The second subfloaf floor 2is @p.OWith naming theéhree room®n 2p

presenting g@roblem, they arealled OZ)QOOZQ,O and@2p,0in order to avoid confusion.

The third floor 03sO and O3pOaniisilise thesametype of naming system as O2s0
O2pdid. The fiveroomson O3dO have complex narttest we willnot go intoat this
time.

ThemanagersO names are Dr. AuflruPauli, and Dr. Hund. Dr. Aufbau suggetbtat
the rooms bassignedo clientsas fdlows. The lowestubfloorroom shouldoe filled
first, then thenextlowest subfloor roorfs), and so onHere isa short version ahe
assignment chart that Dr. Aufbateated (Fig. 2)

Fig. 2 Thesequencéor assigning rooms.

Follow the back of each arrow toward tpaint, and thergo to the nexarrowto follow
the order. For example, 1s, 2s, 3p, 3p, 4K. Evidently Dr. Aufbauthinks it takes less
energyto get to 4g¢han toget to 3d. Well, he ithe manager, ange knowsmore than we
do.

Dr. Pauli is next to setp the hotel rules. Hevants to limitroom occupancy to no more
than twoindividuals. Thatmeangwo people in 1s, two people in 2s, tweople ineach
of the three rooms athe 2plevel, for a total of six fothat subfloor.

Dr. Hund stepsup now and says heould like each room in any muitbomsubfloor to
have one occupant before thext occupant goes into a room. Herebet he means. If the
02s0 room has two people and fioorecustomers come alontey must go int@ooms

in O2p.0 However, one must go intg @Ppne into Og,ﬁ) and one into Q2p Then the

fourth person can go into, say Q#pto make that room have two occupants, which is
the maximum allowed in any room.



Dr. Hundadds that he has done reseagtid he has found that is more economical
and energy saving if each subflaseither completely filed or completehalf filed. He
means, for instancéhat the subfloorQ2pO should have sot threeoccupantgor the best
economy It would alsdbe best for 3d to have either five or dé€cupants

1.2 Atomic Structure-General Description

Atoms have structures very similarttee atomichotel, and theules ofDrs. Aufbau, Pauli,
and Hund apply to atoms as well.

Atomsare composed of twmaincomponentsthenudeus and theurrounding spaces,
usually callecenergylevels, where wéind electronsTry to relatethis discussion of
atomicelectronicstructureto the precedingnalogy of the atomikotel.

We will limit ourinvestigation into atomic structute the electronsTheenergy levels
(called shells, and numbered 1, 2, 3E) are dividlet areasknownassubshellsThefirst
energy levehasonesubshellthesecond has two, the thildsthree, and so offhese
subshells have lettelesignations. The lowest subshelkimch shell igalled Os,O then
come Op,0d,0 and Ofildnore levels are needgdst follow alphabetically, starting with
Og.E&ach subshehasspacesalledorbitals Each orbital is able thold no morghan two
electrons Thisis PauliOs exclusigrinciple.We use théufbau principle tcadd electrons
to atoms. Aufbau is German for @alding up.OTo build an atomOs electron structure,
start with the lowest energy orbital, and witleat is full,goto the next lowest level @add
more electrons iheeded. Usthesame scheme as in Fig.@bove

1.3 The Ground State

Fig. 3 shows the energy (E) levaisd orbitalghat would be open to accommodate up to
28 electrons in an atom. The hybrid ar&éave been omitted, and circles for orbitals

replace doors in the hotel analogy.
Increasing Energ

3rd E level
3 Subshelld O O O 3p

2nd E level O O O 2p
2 Subshells ......................................................................... .

1st E level

1 Subshell O 1s

Fig. 3 The first three energy levels, sublevels, and orbitals.




An atomwhich has not gairttor lost energy isaidto bein agroundstate LetOs lookta
some energy diagranigr atomsin their ground states, bdirst keepthis inmind:
electronshave a property callespin indicated witha half arrow.The energiesf the two
different spinsare different sehe electronsre ablego shareone orbial spaceSee Fig. 4.
This isimportant becausaccording to the Pauli exclusi@nindple, no two electrons in

an atomcan have the same amowhtenergy.

o

Spin OupO Spin Odowr

Fig. 4 Arrows representing electrons with different spins.

Below areelectronenergylevel diagramgan befound forthe first10 elements, hydrogen

through neonOne electron will be added &ach atom, in sequence, according to the
Aufbau, Hund, and Pauli ruleSee Fig. 5.
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Fig. 5 Erergy level diagrams for atonftydrogen through neon.
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1.4 Orbitals

Chemistshave discoverethe shape of each tyd orbital. It is important to keep imind
that thesolid, threedimensionalllustrationsare for ease of learnirthe generalized
shapes of the orbitals. Each orbital is more accurately represerdetidthematical
equationthatproduces aelectron OcloudIhe OcloudO is simil@r an instantaneous
phototaken of thgossible locations of aglectronwithin the orbital. Fig. 6 showthe
possiblelocations for ars orbital, p orbital, and ad orbital electron, from left toight in

thetop row.The smoothed out versisninthesame order fronteft to right, are across the
bottom row.

S px dx2_y2

Fig. 6 Thredypes of atomic orbitals.

At any energylevel,ans orbital is shapedike a sphere with theucleus in theenter.No
matter wherat is founda p orbital, has two parts, or lobesach shaped likeeardrop
Every p subshell hathreeorbitals each one being aligned aloagaxis of three
dimensionéspace (i.e. X, Y, or Z)A d orbital has four lobes.

Fig. 7illustrates ars orbital (red), and tte threep orbitals (pale blue, browmandgreer),
together and then separately. The black dot in the midthe isucleus.

S

zwcﬁ

Fig. 7An sorbital and threg orbitalstogether and then separately.
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Fig. 8shows howthe five d orbitals areseparatly, arranged in spaceélow their shapes
were determined is not as importantresv they are aligned relative to the axeshoée
dimensional spacas well aghe names of the orbitals.

o 3

\ 45°

Q

ra-a
oo g% o

(c) (d) (e)
Fig. 8 The ive d orbitals.
If you are interesteith remembering the names aoidentations of thel orbitals, the task

is not that difficult. The g has itsteardrop lobes on the z axis argkihg on the xy axis.

Thedy2-2 orbital lobes are on the »gxes.The remaining orbitals are offset from the three
axes by 4b It is much simpleto visualizethe orbitals by consideringach pair of axes

independentlyd,, is only between the xy agghed,;, is between the xz aseand ¢, is
between the yz ase

Once againthe black dos repregntthe nucleus. Each orbital, excepta has four lobes.

That is, the four lobes of (a), (c), (d), or (e)kaap one orbital. (bpn the other hand
has two lobes, one is made of the two tear drop shapih®e praxis, and the other has
donut shape on the x and y axes.

2. Preparing Atoms for Covalent Bonding.
2.1 Electron Promotion-a change in the location of electrons.

We will use a carbmatom asn example of electron promotiomhile forming four
bonds, a carboratomwill promote (give extra energy)ta2s electrorand movat to the

empty2p, orbital. See Figd.

Increasing Energy Increasing Energy
A ¥ y Z A

DD 2 D DD
s — | Do

1st E level 1st E level

1 Subshell @ 1s 1 Subshell @D 1s
C

Fig. 9A carbon aton2s electron belngromoted.
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With oneelectronin each ofits four valence (outemrbitalsnow, thecarbon atoms ready
to bond withfour other atoms

A second alteration of orbitalskies place as an atom of carbon forms bonds with four
other atomsStudieshave shown that thendes betwea thefour bondsarethe same;
109.5. But the angles between th@rbitals is supposed to be°®nd thes orbital can
form a bond in any directiomn order to account for this apparent discrepancy, wie wil
introduce the concept of orbital hybridization

2.2 Orbital Hybridization .

Remember the Atomi€onventim CenterHotel? If you donOt, take a look back at FEig.
We are nowgoing b see what happens tisat speciafloor-splitting called the OHybrid
area.OWhat wesee inFig.10is a mixing, orblending of ars orbital and thre@ orbitals.
The result of the mixing the fowrbitals is four new orbitals with properties of both
parent types of orbital&ach orbital is 25% and 75%p. That is,the new orbitals are
hybrids, eaclone with a naméha indicatesthe parent orbital source. See Fig..10

Increasing Energy Increasing Energy

A Xy z A Xy z
QDD OO0
(vi{éiseles\rgll) O O O O (vi{;ifelz\ézlu) SQB SQB SQE gB
] O 2s 7 QO 2
C -~ C

Fig. 100n the left, before hybridizatioand on the right, after.

The name of each of the n@nbitals isZsp3. The number 2 tellss that theorbitals and

electrons are in the second energy leVbees andp3 indicatethat thereare a total of four
orbitals composed of a mix of os@andthreep orbitals.When atomic orbitals combine to
form hybrids, the number of combining orbitals will always edbalnumber of hybrids.

Each neworbital alsohasanew energy level, shapand directionin whichit is oriented.
Fig. 11is a diagram of the combinirgf one 2sandthree2p orbitals ofcarbon to produce

four sp3orbitals. Eaclone has large and amaller lobe, buthte smaller lobes havmeen
left out forclarity.

Joo & ook

2s Four sp hybric

Fig. 11The formationfour sp?’ hybrids
Fig. 12showsthe hybrids includingthe small lobeseparated froread other.The black

dots are nuclei ? 9‘ b o-‘

Fig. 12 Four sparated ssphybrids.
7



This Genegal Chemistry Kt contains atomsvith four pegseach peg representing suﬁ
atomic abital. Theseatoms have a tetrahedral shalpecate anabserve one carbon atom
(blackwith four pegs) See Fig. 13

All orbital angles are the same

109.50( \109.5"
10955\ ) ke

4 equivalent sp30rbitals

Fig. 13 A tetrahedral placement of hybrid orbitals

Carbonatoms(and atoms of other elements as well) agadergo twamoretypes of
hybridizations; sf)and sp. Belowin Fig. 14, the result of combining one 2s electron with
two 2pelectrongdo form three new hybrids is shown. These hybridscailéed 35. Notice

that ane of thep orbital electronsvasleft behindin its original orbital. That electron can
be usedo make a bondis we shall see when we look at a molecule of etlyle

Increasing Energy Increasing Energy

A X A X y Z
@ 2p OOz
2nd E level O O Q O 2nd E level ® ® ® Q
(valence shell) (valence shell) sz Sp2 sz
] D 2s 7 O 2s
C S

Fig. 14An atom of @rbon forming three §|@rbitals.

Fig. 15 is a dagramof thecombiningof one 2sand two2p orbitals of aarbon atonto

form threesp2 orbitals.Eachorbital has a largand asmallerlobe, but thesmallerlobes
havebeen left otfor better clarity. Fig. 18hows the hybridsncludingthe smallobes
separatd from each othelhe black dots are nuclei

Q@ - f ; 0 :@M

120
2s  Three sp hybric

Fig. 15 Twop orbitals join with ars orbital to form three szp)rbitals.

!
o

Fig. 16Separated hybrid §prbitals.

8



Look for a purpleatomwith five pegsthatcan beusedto demonstratspz orbitalsof a
carbon atonalong with the two unhybridized lobes of gmerbital. Theanglebetween

each of the!hreesp2 orbitalsis12(. The angle between thezspbitals and thsingle
unhybridizedp orbital (with two lobes)s 187 (Fig. 17). Thespatial arrangemewff these
orbitalsis known as trigonabipyramidal.

Fig. 17An atomof carbonwith sp2 hybridization

Another possible hybridization carbon atoms is sp. Fig. 18 illustrakesv these hybrids
are formedNotice that twoof thep orbitals have not combined.

Increasing Energy Increasing Energy
V4

CXD CyD 2p (X) 2p
2nd E level O O Q O 2nd E level CD ® O

(valence shell) (valence shell) Sp Sp

Fig. 18A carbon atomdrmingtwo sp orbitals.

Fig. 19 is a diagram of the combining of one 2s and one 2p orbitalasban atom to
producetwo sporbitals.Eachhybrid has a large and a aher lobe, but the smaller lobes
have been left ouFig. 20showstwo separated spybrids, including their small lobes.

18¢

N
@ > 0@
2p, 2s Two sp hybrid

Fig. 19Blending me s and onep orbital.

e-¢ ¢-@

Fig. 20Two sp orbitals.



Find asilver atomwith six pegs two of which canbe usedo modeltwo sphybrid orbitals
Two pegs opposite each other will be the two lodesap, unhybridized orbitaland the

remaining two pegs will be the two lobes of @,Bphybridized orbitabf a carbon atom
(Fig. 21).

Fig. 21An atomof carbonwith two sp orbtials and twaunhybridizedp orbitals

Elementdan the third row and beyorareable torecruitd-subshell orbital$or
hybridization. For examp, phosphorus can prom@e3s electromo an empty3d orbital
(Fig. 22 onthe left of the arroyvand then combina3s, thee3p,andone 3d orbitalThe
resulting fivesp’d hybrid orbitals, on the right ¢fie arroweach with a single electron
can therbeused to forma covalenbond which is a sharing atlectronsto five other
atoms.The nature of bonding atoms will be covered later.

d22 dz2
00000 : 00000 :
4+ 000000000 + 000000000
spd sp’d spid spd spid spd spd spid spd spid
S lovel Xy z Xy z
s @ @@ 3p Ssuwsne| @ @@ 3p
. 3s } . 3s
Xy z Xy z
gnsd E IEVﬁI . . . 2p 2nd E level . . . 2p
ubshellg 2 Subshell
. 2s . 2s
2 @ 2 @ w

P P

Fig. 22An atom of phosphoru®fming five sﬁd orbitals.

Fig. 23is a diagranof the mixingof one 3sthree3p, and one3d,2 orbitals of
phoshorusto form five sp3d orbitals.Onceagain, each hybrid orbitalas darge anda

smallerlobe, the latter beinkgft outfor abetter view Fig. 24showsthesp3d
hybrids,including thesmalllobes, separaté from each other.

+ + + + -»

3d,2 3p, 3p, 3py 3s Five sp d hybric
Fig. 23Five orbitals combine to forriive sp3d orbitals.
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Fig. 24Five complete and separatsm?d arbitals.

The geometryf this hybrid is knownastrigonal bipyramidalln Fig. 25, the purple atom
represers phosphorus, andaeh peg i®ne of fivesp?’d hybrid orbitak.

Fig. 25 sp3d hybridization bya phosphorusitom

In the final example of hybridizatiome will use asulfur atompromoting two electrons,
onefrom a3s orbitalandone from a3p orbital,to the 3d level (Fig. 26 After promotion,
the sulfur atom wilform six hybrid orbitalsavailable for bonding. Otheleft in Fig. 27,
sulfur has promotethe two electrons, anoh the rightone3sorbital, three3p orbitals

and two3d orbitalscombine taform six S|c)3d2 hybrid orbitals Fig. 27 shows the shapes of
of the individual combining orbitals and the final formtloé hybrids, without their small

lobes. d2 d2
00000 : 00000 :
1000000000 :000000000
spPd spd? spd spd spd spd spd spd spd spd spd spd?
d E level X z level X y z
??rSubsﬁ\éﬁs . . . 3p ??rguisz\éﬁs . .. 3p
. 3s N . 3s
Xy z Xy z
gnsd E Iﬁvﬁl . . . 2p 2nd E level . . . 2p
ubshelld 2 Subshell:
® ®
25 @ 1 25 @ w
- s - s

Fig. 26 Forming sixsp3d2 hybrid orbitds.
y y

X
X + + + + + -»

3dyz.y2 3d,2 3p, 3p, 3p, 3s SixspP & hybric
Fig. 27 Combining six orbitals to form sixp3d20rbitals.
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Fig. 285;p3d2 orbitals with all the lobepresent
Theanglebetween any two ortals is90°. Theshapeof anatomof sulfurwith this
hybridizationis known & octahedrallUsea silver, sixpeg atom againrhis time, each peg
will represent a151p3d2 hybridized orbital See Fig29.

Fig. 29An sp3’d2 hybridized sulfuratom

3. Bond Formation betweenAtoms

In a beginningchemistry clasgf is common forstudentsto learn about why and how
atoms jointhat is, bond together to makeleculespr to makecrystals

The OwhyO of bonding is thandedatoms enter into a lower energy state. Energy is
alwaysreleased when atoms combine. When energy is releasggdystem (some pat
the universgbecomes more stablhich means it will @sist change.

The OhowO of bonding is &pmspartly interminglingtheir orbitals followed either by
losing or gainng electronsor by sharing one or mogairs of eleabons.

3.1 Valence Hectrons

Valence electrons are used to form boence electrons are usuallytire outermost
(highest) energlevel (abbreviated mrbitalsof an atom. This is the case the
representativelements, that is, the elements moyps 1, 2, and 13 thugh 18 of the
periodic tableHowever, some valence electrare foundn a lower energy level (d).
Transition elements, metals in groups 3 throughrd@ularly use these electrons, along
with n electronsfor bonding.

12



3.2 Types of Bonds

Threemajortypesof strongbonds formmetallic,ionic, and covalentin these
instructions only thelasttwo are described.

3.2.1 lonic Bonding

When an atom with a weak attraction for its valegleetron(sapproaches an@n with a
strong attraction fovalenceelectror{s) collides, an electron from the weaker atom can be
transferred to the stronger atofine result is the formation of a positive and a tigga

ion. See Fig. 30.

Fig. 30 Formation of a pair ofppositely charged ions.

An ionis an atom or group of atoms thetslost or gaired one or morelectrons.

An atom @ining electron®ecomesn ion with a negativeharge andis thenknownas
an anionAn atom losingelectrons becomes an ion with a piesi charge called a cation.
The electrons that are exchanged are valence alsctro

As a cation (+) approachasanion(-), a strong electrostatic attractibondstheions
togetherBecausahechargeon an ion is distributed arourlde atom in apheical shape,
anionic bond is omnidirectional. Th&, the bondnay form in any direction.

3.2.2 Covalent Bonding

Covalent bondform when atomiarbitals fromtwo differentatoms overlallowing a
sharing of one omore pairs of electran

Here is @ example of how bondingetween hydrogen and carbanght take place.
Remember in Fig. 5 weawenergy diagrams for the electrarfsseveraklements
including hydrogerandcarba? They appear again in Fig. Sitleby side.

Increasing Energy
A X y

Y4
Increasing Energy . . . 2p

@ -
1st E level 1st E level

1 Subshell . 1g 1 Subshel . 1s
' C

H
Fig. 31Energy diagrens of hydrogen and carbon.
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3.3 Sigma(! ) and Pi (*) Covalent Bonds

When the tomic orbitals of twalifferent atoms ovdap so that the electrorisey contain
can be concentrated between tinelei ofthetwo atomsa sigma(! ) bondresults. Fig34
showsa! bondformedby two sorbitals, ornthe top left.Onthe topright, onesandonep
orbitalintermingle to form & bond.Thenat the bottom of the figuréwo x orientedp
orbitalsform the! bond The arrows point to the overlapping orbitals whéeltondsre
the strongest

Fig. 34! bonds as indicated by the arrows.

Hybrid orbitds are also able to participatelinbondingas long as thbondconcentrates
the sharegbair of electrondetween two nuclei, Fig. 35

Fig. 35A ! bond formed by a hybrid orbital and snrbital as indicated by the arrows.

A pi (*) bondis formedby the overlapping obothlobes ofanx, y orz orientedp orbital
with ap orbital of thesame orientatioon another atom as yatan see in ig. 36. The

arrows labele@ andb are pointing tahe twoparts of oné bond one is above a line

through the nuclei, and one is beldline overlapping of thetwp, orbitals takes place in
two place at the same time.

15
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T

b
Fig. 36A " bond shared by orbitalsof two different atoms

" bonds are not as strong as sigma bdistsausehe bondingloes not take plaagan aline

betweerthe nuclei othe bonding atoms. Rathé&r,bondingoccurs eitheto the leftand
right or above and below the nuclei.

3.3.1Modeling! and" bonds

Using twotrigonal bipyramidal atonsentersboth! and" bonding can be demonstrated
in amodel ofethylene(ethene). Thetwo trigonalbipyramidalatomcenterqpurple, 5 peg)

will represent atoms afrbon Withsp2 hybridization.

Attachtwo 1.25##ubesto two of the equatoriaegs of the purple atoroenter(see Fig.
37). Dothe same to the second purple atm®nter.Next, insert a peg achwhite hydrogen
atomcenterinto eachtube.

These carboto hydrogen bonds are thetype. Attah the twocarbongo eachother
with the shortestube which represents anothebond.

The pegsn the vertical orientationpne pointing u@and the othepointing down, are two
lobes of ong orbital. Using two longthin-white tubes attach thpegs of one carbon atom
to thepegs oftheother carbon atom.

Note that both of the long tubes together make up'obend. Compare younodel to
Fig. 35

Fig. 37A model of ethylenavith five ! andone" bond.
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Try to spin a carboatom whileholding the othecarbonin a fixed position. The
double bond (composed of oheand oné' bond) should prevent the rotation. Now

attempt to spin a hydrogen at@nound its! bond to a carbon atom. You should be
successful this timeSigma londs allow free rotation.

When bonding atom centers with a single bond, syinédby a single dash®) or by
simply placing two elemergymbols together, e.g. OH, usé.@5#pieceof tubing.
Whenit becomes necessary to make a double (or Jrimlad, use two (or three) of the
long, thincleartubes

4. Drawing Lewis Structures
Step 1.

From the molecular formula of the molecule, write the symbols chtibras with
dashed lines between them. The least electronegative shoudgdas the central
atom. Hydrogen atoms will always be terminal (on an end), sinse gitoms

usually have one bond. The same is true for the halogens, except in some
molecules which are composed of halogens exclusif#prine, the most
electonegative element will always be terminal. Whenahemical formula of a
compounds written, very often therder in the formula is the same as the order of
theatoms in the Lewis structure.

Step 2.

Using a riodictable, findthenumber of valence electrons of all the participating
atoms.Thegroupnumber in the older OA, BO system wilthenumber of valence
electrons. If you use the new numbering system, subtract ten framp gumbers 13
through 18 to get the valence numifubtractwo for each dash plketweerthe
atoms (eacklash represents a pairahared electronsgubtract one for each positive
chargeif you are dealing witla positively charged ion. Add one for each negative
charge if you are drawing the Lewis structafea negatively charged ion.

Step 3.

Next, using the total from Step 2, place the valence electrons, in gaots)d the
atoms startingvith the moselectronegative elements fitghtil each atom has an
octet. Be aware that soreements will havéess tharan octet: H, Be, Be, Al, and
sometimes N. Some might have more than eight electrons: elemdmspimlock
beyond row two of the periodic table. If there are left over elastrputhem on the
central atom.

Step 4.

If some atoms haveds than an octet, move lone pair® a bond from another atom
to form an octet.
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Step 5.

Check the structure for formal chargeshi structure is a neutral molecuigmal
charges on each atom whié zero, but if some atoms have chard¢fesy should be as
low as possible, and the charge should fit with the electronegativity of theTdtaim.
Is, usuallynegativecharges will reside on highly electronegative atoms.

Step 6.
Makeresonance hybridd needed.
Example:

1. Draw the Lewis structure fddCN (hydrocyanic acid)
Step 1. H-C-N

Step 2. 1Cx4e4dé 10 & (total valence electrons)
INx5€ =56& -4 (2bonds x 2 e used/bond)
1Hx1? =1¢€ 6 € to distribute

Total valence electrons 18 e

Step 3.

H-CN:
Step 4. Hydrogen with two electrons has its required duet. Nrirbgs an octet.

Carbonlacks an octet, so we move lop&irs from nitrogen into the

bond with nitrogen. Nitrogen doesnOt lose electrons, but carbon will
gain them.

H-C N:—=—H C=N:
Both carbon and nitrogen now haae octet.
Step 5. Determine the formal charge on each atom. See the followaugsion.

5. Oxidation State vs Formal Charge.

Theoxidation stateof an atom is an indication of how maelgctrons it OownsO
within a mokcule. When two atoms bdnthe one with the highest electronegativity
Is assumed to possess its own nonbonding electrons abdrttimg electrons as
well. This approach tends weew the atoms as ions even in covalent compounds.

For HCN atomsthe electronegativity trend is: H < C < N.

Oxidation State = Valence ElectroB8onding Electron®Lone Pair Electrons.
Boxesor circles drawn around the elemeatsl the electrons they OownO help to
visualize assignment and counting of electrons.

H:C:N
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ForH, 1 D0 =+1;for C,4D2 =+ 2;for N, 5 D6 D2 =D3. The net charge for the
molecule 190, as it should bsince HCN is not an ion.

In the following example, to find the oxidation state of each atonmlt, RO
(acetoneoxime) we draw boxes around each atom anctkbetrons it is considered to
own.

For GH,NO atoms the electronegativity trend is: H < C <N < O.
H
:Q:
N
C

H: :H

IO
T:O:T

For eactH, 1 D0 = +1; for each of the two terminal CP¥ =b3; for the central C,
4P2 =+2; for theN, 54 D2 =b1; for theO, 64 D4 =b2. The net charge for the

molecule is 0, as it should BexceC3;H,NO is not an ion.

Note that theentral C shares bonding electrons with the two terminal C atames, si
all C atoms have the same electronegat@ity share the same tendency to hold on to
electrons

Formalchargeson atoms are used as an aid for dravdogect Lewis structures.
Oxidation states are not used.

Formal chargesof atomsin a compound presume trelectrons between atoms are
being equally shared. An atom, will therefore, Oownf@bitdonding electrons and
one half of all its bonding electrons. Use the following formula tofiomohal charges.
Formal charge = Valence Electrdadlonbonding Electron®! Bonding Electrons.

LetOslook againat HCN. This time boxes will outline ndionding electrons and
of the bonding electrons of each atom.

HeCErNg

ForH, 1D1=0; for C, 4b4 = 0; for N, 5B5 = 0. There are natoms with a formal
charge which means we have drawn the correct Lewis structure.

When calculatindormal charges, the following situationsll indicate that the
structure you have drawn may be incorrect.
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1) Atoms with large charges; charges greater than H22r
2) Positive charges on highly electronegaglements, onegative charges on
elementswhich are not very electronegative.

Here isan example of finding the correct Lewis structure of a positively chaoged

NH41+ (the ammonium ion)=irst we write the symbols for the elements and put
dashes etween themiNext we count valence electroasd subtract the number of
electrons used as bonds.

H +
HN-H
H

1INx5e=5¢6& -1¢& (subtract 1&for + charge on ion)
4Hx1e =4e® -8¢& (4 bonds x 2%used/bond)
Total valence electrons 8e 9 €& used

9 favailable, 9 usedNow determine formal charges.

For eactH, 1 B1 = 0O; for theN 54 = +1. The formatharge on the N matchédse
charge on the ion, so the structure is correct.

The nextexample illustrates how to draw structures containing elementstti@&d
period and beyon(.e. periods4, 5, E). Recall that these atoms hasmaptyd
subshellghat can accept bonding electrons.

H,SOy, sulfuric acid, is one of the most important chemicals produced worldwide.
First we write the symbols for the elements and put dashes betvaen

O

H-O-S OH
@)
Next we count valence electroasd subtract the number of electrons used as bonds.

1Sx6e= 6% 32 & (total valence electrons)
40x6e=24¢€  -12¢€° (6 bonds x 2 e used/bond)
2Hx 1le = 2¢° 20 €to distribute

Total valence electrons 32 e

:0O:
H-O-S O H
ZQZ
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Thetwo H havetwo electrons each for a duNet. Each O has an octet, as dives S.
appears that we are finished, but we didnOt calculate the formal charyés gan
dothat now, and this is what we findE

a1
:O:
H-0-S, 0 H
:0- .
We have formal charges which sum tozeand that is good. However, weuld like
to see no chargebpossible, and it is possible because the central atom is S, and it is
found in period 3. We move lone pairs of electrémosn the oxygen atoms intbeir

bonds with sulfur. Each O loses a negative charge, an&thas its +2 charge

cancelled. -

:0O: :0:
HQ S;,0H—HOQ S 0OH
O :0:

-1
The S atom now has 12 electr@sroundhng it, but that is acceptable becasss
able to use empty orbitals to accommodate the electrons.

Below arefive different Lewis structures for Gcarbon dioxide)Which is the best
one(most likely to exist)?

a):g-c-0: d)b-cO

b) G-0-Q e}g 0O

c):C-0 O
Thefollowing is another problem in picking the best Lewis stiuetfora molecule.
In this case, we look atJ®, nitrous oxide, or laughing gassed in dentistry.

a)O-N-N d):0-NN:

b)N-O-N €):N-O-N:

c):0 N=N:

There is one more molecular strategy that can oweedbe problem of formal
charges. It is the chemical equivalent of a mule, and it is catmhance.
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6. Resonance

NO5® the nitrate ionwill be used to illustrate resonance.

0O
O-N-0
L +1

Each atom has an octet, and one of the negative charges matches the iosic charg
while the other negative charge cancels the positiasgge on theN atom. There is
nota way to get rid of the positive charge and one of the negative chkrtpes.
negativecharge can be shared among the three oxygen atones\diggy expense of
holding thecharge can blwered The sharing is called resamce, and the Lewis
structures belowive an imaginary picture of how it takes plag@éhemists use the
double pointed arrows for resonance only. These are not ordinary chesaictadms)

5| O 7 o
+QON=Q QO N0y Q-N-Q

These are not actual changes. The three forrtigeatfitiate ion do not switchack
andforth with each other, but it is difficult to make drawings ttedliect the true
situation.In reality, the three formélend together to form ondérscture, a hybrid.

Consider asimilar blending of characteristics in the biological world. Theimgabf a

horse with a donkey producasybrid we cala mule. A mule is not a horse at one
moment in time and a donkey at another. A mule hasctestics of bothparents at
all times.

Resonancéybrids pesent a simhar situation chemically. Howlo chemists know that
resonance hybridsxist as one blended structure? Measurements of the lengths of the
bonds between the &ioms and the central N atom indicate that each bond is shorter
than a single &nd but longer thaa double bond, and each bond is exactly like the
other two. Below is the best Lewis structure that can be noaageHybrid molecule

or ion. The dotted lines are partial bonds, and the three negatigesudfER/3) +

(ER/3) + (E2/3) add up tdER. The +1 charge ON canceldl, leaving a charge &l

on the ion.
:2/3 -

=-2/3* " +1 *=2/3
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LAB PROCEDURES

1. PART I: Inorganic molecules and ions.

In PART I, first draw the Lewis structures esbme smpleinorganicsubstances the
blanksprovided. Then make a model of the substgraxed show it to your teacher.

Formula and Name Draw the Lewis Structure Model Checked by Teacher

H, (hydrogen gas)

Cl, (chlorine gas)

CO, (carbon dioxide gas)

NH,* (ammonium ion)

NO31' (nitrate ion)

PF; (phosphorus pentafluoride)

SF, (sulfur tetrafluoride)

SG; (sulfur trioxide)

SF; (sulfur pentafluoride ion)

PF, (phosphorus tetrafluoride ion)
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2. PART II: Constructing Models ofOrganic Substances.

Organic compounds contain carbon; howegeme like CQ, CO, H,CO; are not
consdered to bedrganic Other elementfequently occurringvith carbon are hydrogen,
oxygen, nitrogen, and sulfuvlany organiccompounds also contaphosphorus, halogens,
and metals as well.

Using Lewis structures as guidéisst construct models of see hydrocarbonsthatis
substances composedly of carbon andhydrogenNext makeorganicmodels that
containoxygenfollowed by organic compounds with nitrogen

2.1 Alkanes

Alkanesare saturated hydrocarbofi$at is theyonly havesinglebondsbetwween carbons,
andthey will notaccept additional hydrogextoms.

Compound andLewis Structure Compound and Lewis Structure
Methane Propane
H P
H—G—H H=G—C—C—H
H H H H
Isobutane Cyclopentanda ring compoungd
H H
H—C—H H (:3 'f:
H | H s HH i
H—C—C—C—H .
H
L e
l_|| H
2.2 Alkenes

Alkenesare unsaturateldydrocarbons. Thessmmpounddave at leastne doublédond
betweeranytwo neighboring carbon atoms.

Compound and Lewis Structure

Ethylene (ethene)

H H
AN 7
C=C
H” H

2.3 Alkynes

Alkynesare also unsaturated hydrocarbons, but they have at least one tnighlm thae
molecule.

Compound and Lewis Structure
Acetylene éthyne)
H-C=C-H
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2.4 Aromatic Organic Compounds

Aromatic organic compounasea special categgrof unsaturatettydrocarbonsA
common example is benzene

Compound and Lewis Structure
Benzendquse 6 black, peg atoms for this molecule)

H

H\C/(j:\(lf/H
|
e Also drawn as

|
H

2.5 Organic Compounds with Oxygen

Now we can addxygen atoms tocarbon skeletons to make an alcohol, a ketone, an
aldehyde, an acid, an ester, andadher.

Compound and Lewis Structure Compound and Lewis Structure
Ethanol (ethyl alcohol) Acetone propanong
H H H O H
H-C-C-0-+ H-G-C-C-H
H H HoH
Formaldehydgmethang Acetic (ethanoi¢ add
0 H O
H—CiH H_ﬁ_ci(}H
Ethyl acetate Dimethyl ether
" O HH HH
o8 by G0
RO HoH

3. PART Il Constructing models ofbiochemical substances.

Like other organic compounds, biochemicals exist in a dazzling number and Wafeety.
will examinebut a few examples here.

Compound and Lewis Structure Compound and Lewis Structure
Urea(a metabolic waste product) Deoxyribose(thesugarin DNA)
H
e e &h
H ¢
L P
I—I—(bg ”'8
. H
H
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Compound and Lewis Structure

Tyrosine(an amino acid)

H\ / \?/H
H/C§C/C\H

I
H-C-H o

H-N-G-C~
N-G-C7
oy oH

Acetyl salicylic acid (aspirin)

H
4

H-G-C

H O
gy o

H/C\C/ ~H

I
H

Compound and Lewis Structure

Serotonin (a chemical messenger in the brain)

T
M |
\N / Y /C\H
I I
H H

H H
H H
H/

Ascorbic acidvitamin C)

H
|
HOH 0
H—O—(':—(::—(’:/ O\cé
H /
Ho-C “~oH
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